Background: Patients with unilateral cleft lip and palate (CLP) deformities commonly develop nasal airway obstruction, necessitating septoplasty at the time of definitive rhinoplasty. We assessed the contribution of the bony septum to airway obstruction using computed tomography (CT) and cone beam CT (CBCT). Methods: A 2-year retrospective review of all subjects with unilateral CLP who underwent CBCT imaging (n = 22) and age-matched controls (n = 9) who underwent CT imaging was conducted. Control CT scans were used to determine the segment of nasal septum comprised almost entirely of bone. The CBCT of the nasal airway was assessed using Dolphin software to determine the contribution of the bony septum to septal deviation and airway obstruction. Results: The nasal septum posterior to the midpoint between anterior and posterior nasal spine is comprised of 96% bone. The nasal airway associated with this posterior bony segment was 43.1% (P G 0.001) larger by volume on the nonYcleft side in patients with unilateral CLP. The average septal deviation within the posterior bony segment was 5.4 mm, accounting for 74.4% of the maximal deviation within the nasal airway. The average airway stenosis within the posterior bony nasal airway was 0.45 mm (0Y2.2 mm). Conclusions: In patients with unilateral CLP, the bony nasal septum can demonstrate significant deviation and airway stenosis. Surgeons should consider a bony septoplasty in their treatment algorithm in unilateral CLP patients who have reached skeletal maturity.
T he management of the nasal deformity in patients with unilateral cleft lip and palate (CLP) has traditionally focused on the appearance of the nasal tip and achieving nasal symmetry. Although there have been continuous modifications of the cleft rhinoplasty techniques, 1Y5 limited attention has focused on the anatomic deformities leading to airway obstruction and the proper interventions required to restore normal airf low.
The etiology of the nasal deformity in CLP patients is thought to be caused by an embryologic failure of the nasal and maxillary facial prominences to fuse correctly during the fifth week of gestation. 6 The structural abnormalities are numerous and multifaceted. 7 Classically, there is deviation of the anterior caudal septum to the nonYcleft nostril. Additionally, the columella is shortened on the cleft side, the lower lateral cartilage is inferiorly rotated, the alar base is laterally displaced, and the alar rim and the bony platform of the nose are distorted. These findings are attributed to an imbalance of the muscular forces upon the alar base and anterior caudal septum 8 as well as displacement of the greater and lesser segments of the alveolus. These anatomical changes negatively impact the function of the nasal airway, resulting in increased susceptibility to upper respiratory infections and reliance on mouth breathing. 9Y11 Although some anatomic and functional changes in cleft nasal pathology are documented, few recommendations have been made regarding the proper techniques of septoplasty in published approaches to cleft nasal reconstruction.
12Y19
Our experience during definitive cleft rhinoplasty is that the bony septum is severely deviated and contributes to nasal airway obstruction even after removal of the cartilaginous septum. There are few quantitative data to support our belief that bony septoplasty should be considered when addressing cleft rhinoplasty. The purposes of this study are to (1) assess nasal airway volumes of the cleft and nonYcleft sides in patients with unilateral CLP deformity, (2) anatomically define the posterior segment of the nasal septum that is comprised almost entirely of bone, (3) determine the degree of deviation in the posterior segment of the nasal septum, and (4) measure the degree of airway stenosis caused by septal deviation within the posterior segment of the nasal airway. We performed our analysis using cone beam computed tomography (CBCT), traditional computed tomography (CT), and 3-dimensional mathematical modeling.
METHODS
Institutional review board approval (#1208009367) was obtained before the start of this study. We performed a 2-year retrospective review of all unilateral CLP patients who have previously undergone CBCT imaging as part of their orthodontic treatment plan. Inclusion criteria were nonsyndromic patients diagnosed with Veau Class III unilateral clefts, with dental and craniofacial treatment records.
Coded CBCT images were analyzed using 3-dimensional Dolphin Imaging software (v11.5; Chatsworth, CA) by the same individual (J.M.S.). Orientation was 3-dimensionally standardized using an orientation module in Dolphin Imaging software that oriented CBCT images in lateral view by passing a reference line through orbitale and porion, and in frontal view by passing a line through nasion and pogonion. The CT scan images (Phillips 64-slice CT scan) of aged-matched controls were obtained through the trauma database and oriented in a similar manner.
Anatomic and constructed landmarks were identified on CBCT and CT images and used to collect the nasal measurements, as listed in Table 1 and depicted in Figure 1 . First, the contribution of bone to the anterior, middle, and posterior segments of the nasal septum was determined using CT scans of the 9 aged-matched controls (mean, 10.8 years; range, 6Y15 years). The controls were identified through an independently maintained pediatric trauma database. All controls had calvarial fractures without bony trauma to the nose, midface, or anterior cranial vault, and no craniofacial congenital anomaly. Landmarks and linear distances were used to divide the nasal septum into 3 areas, to best attain approximation of the anterior cartilaginous septum (Fig. 1, area A) , the middle aspect of the cartilaginous septum consisting of cartilage and bone (Fig. 1, area B) , and the posterior bony septum (Fig. 1, area C) . In brief, area A was defined as the nasal septum anterior to the anterior nasal spine (ANS), area B was defined as the nasal septum between ANS and the midpoint between ANS and posterior nasal spine (PNS), and area C was defined as the nasal septum between the ANS-PNS midpoint and PNS.
Using the established boundaries, the 9 control subjects were analyzed in Synapse CT Imaging Software and verified in Dolphin Software for the presence of bone in segments A, B, and C. First, the area calculations of segments A, B, and C were performed with imaging software. The areas of the nasal septum with Hounsfield units greater than 240 were noted as bone (Fig. 2) and areas with Hounsfield units less than 240 were noted as cartilage/air. The area calculations of bone were then subtracted from the overall area in each of the segments A, B, and C to develop a ratio of percentage bone in each of the 3 segments, A, B, and C.
In the CLP group, nasal volume measurements were collected of each nasal airway of each individual CBCT image using an integrated volumetric measurement tool in Dolphin. The nasal airway was divided into 3 airspaces, based on the 3 described areas of nasal septum. The anterior airway is associated with area A and includes the septum anterior to a line drawn between the rhinon and the ANS. The middle airway is associated with area B and is defined in an anterior to posterior dimension along the palatal plane from the ANS to the midpoint of the distance between ANS and PNS. The vertical dimension of this volume spans from nasal f loor to a constructed plane from the sella to rhinon. The posterior airway is associated with area C and is defined in the A-P dimension by the midpoint of the ANS-PNS to the PNS. Vertical height of this area was marked from the palatal plane to a constructed plane from the sella to rhinon.
Landmarks were chosen from the nostril opening to the start of the pharyngeal airway at the level of the PNS. The midline was defined at crista galli. The width of this volume was calculated from the septum to the lateral nasal wall (Fig. 3) . Left-and right-side boundaries were defined in the axial view using the nasal septum and the lateral margins of the nasal airway cavity. For the anterior nasal airway volume measurement, additional points were used to outline the soft tissue morphology of the nose including the pronasale. After boundaries were adequately outlined, the airways were seeded using Dolphin software (sensitivity, 60), and the volume of the defined Table 1 . Area A is the anterior nasal airway. Area B is the middle nasal airway and area C is the posterior airway. 1, Rhinon (rh); 2, soft tissue pronasale (prn); 3, ANS; 4, midpoint between the ANS and PNS (msn); 5, is a constructed landmark denoting the intersection of a perpendicular line from msn and line drawn through rh and sella turcica; 6, PNS; 7, intersection of rh-sella turcica and perpendicular line through PNS; 8, sella turcica (s). airway space was automatically calculated, allowing only the actual airway to be included in volumetric measurements. Volumetric measurements of the anterior, middle, and posterior nasal airway were determined for the cleft and nonYcleft airspace using this method. The definitions of the linear measurements and volumes are summarized in Table 2 . Septal deviation was measured from the midline in the coronal plane. The midline was defined as a perpendicular line from crista galli to the palatal plane. The point of maximum deviation was noted by measuring the longest distance drawn perpendicular from midline to the deviated segment of the septum. Measurements for septal deviation were recorded at 3 additional locations: the ANS, the midpoint of the hard palate, and the PNS (Fig. 4BYD) . The measurement of stenosis at the area of maximal septal deviation in posterior segment was calculated as depicted in Figure 4E , and was calculated by measuring the distance between the point of maximal deviation and the lateral nasal wall or turbinate, whichever distance was shortest.
Statistics
Paired t testing was used to compare cleft versus nonYcleft nasal airway volumes. A value of P G 0.05 was used to determine statistical significance. Measurement error was assessed for all measurements (volume and linear distances) by recording measurements from 10 random individuals from the overall sample on 3 separate occasions with at least 72 hours between each round of measurements. The relative variability of linear and volumetric measurements between trials was assessed by calculating the coefficient of variance (CoV = standard deviation (R)/mean (H)) for each linear and volumetric measurement. The CoV was used to assess validity of linear measurements of septal deviation and of volumetric data of the cleft and nonYcleft nostrils. The CoV shows the extent of variability in relation to the mean of the sample. To assess the reproducibility of the quantitative measurements, the intraclass correlation coefficient of the resulting values was calculated (0.996) in SPSS (v 20) using a 2-way random analysis of variance with FIGURE 3. Surface area was measured in coronal view by placing a point at crista galli and following the anatomy of the nasal airway on the left (green) and right (yellow) side. Figure 3 can be viewed online in color at www.annalsplasticsurgery.com.
TABLE 2. Description of Measurements and Volumes

Measurements Measurement Definitions
Volumes Anterior nasal airway (L and R)
The sagittal boundary was placed as seen in Figure 1 using landmarks 1, 2, and 3 (area A). The coronal view was placed by placing a point at crista galli and following the anatomical boundaries of the nasal septum and nasal borders. After boundaries were defined, Dolphin software was used to automatically calculate volume. Middle nasal airway (L and R)
The sagittal boundary was placed as seen in Figure 1 using landmarks 1, 3, 4, and 5 (area B). The coronal view was placed by placing a point at crista galli and following the anatomical boundaries of the nasal septum and nasal borders. After boundaries were defined, Dolphin software was used to automatically calculate volume. Posterior nasal airway (L and R)
The sagittal boundary was placed as seen in Figure 1 using landmarks 4, 5, 6, and 7 (area C). The coronal view was placed by placing a point at crista galli and following the anatomical boundaries of the nasal septum and nasal borders. After boundaries were defined, Dolphin software was used to automatically calculate volume. Linear distances Maximal septal deviation from midline (L or R)
Maximum septal deviation from the midline was measured in the coronal view as the longest horizontal distance from midline to nasal septum shown in Figure 4A . The midline was defined when image orientation was standardized using nasion and menton. Diameter of maximal stenosis of the posterior nasal airway
Maximal stenosis of the posterior nasal airway was measured as the shortest linear distance from the point of maximum septal deviation in the posterior nasal airway to the lateral nasal wall or turbinate as depicted in Figure 4E .
Septal deviation at ANS (L or R)
The coronal plane was set in sagittal view to go through the ANS. Maximum septal deviation from the midline was measured as the longest horizontal distance from midline to nasal septum shown in Figure 4B . The midline was defined when image orientation was standardized using nasion and menton. Septal deviation at midpoint of anterior and PNS (L or R)
The coronal plane was set in sagittal view to go through the midpoint of the anterior and PNSs (landmark 4). Maximum septal deviation from the midline was measured as the longest horizontal distance from midline to nasal septum shown in Figure 4C . The midline was defined when image orientation was standardized using nasion and menton.
Septal deviation at PNS (L or R)
The coronal plane was set in sagittal view to go through the PNS. Maximum septal deviation from the midline was measured as the longest horizontal distance from midline to nasal septum shown in Figure 4D . The midline was defined when image orientation was standardized using nasion and menton.
excellent agreement, indicating that the linear and volumetric measurements used in this study are highly repeatable.
RESULTS
Twenty-two subjects with a unilateral CLP (Veau III) were identified for the study. Demographics of the patients included in the study are presented in Table 3 . CT analysis of age-matched controls without cleft palate demonstrated the following composition of the nasal septum: the anterior segment of the nasal septum (Fig. 2 , area A) contained no bone; the middle segment (Fig. 2, area B) contained 23.9% bone (range, 12.5%Y41.9%); and the posterior segment (Fig. 2, area C) contained 96.1% bone (range, 90.9%Y99.2%).
Volumetric analysis of the anterior, middle, and posterior segments of those patients with CLP by CBCT and Dolphin software demonstrated significantly greater volumes on the nonYcleft side by 25.3%, 44.0%, and 43.1%, respectively (Table 4) , as compared with the cleft side. The average total volume difference between the cleft and nonYcleft side was 38.7% (P G 0.001), as depicted visually in Figure 5 . The CoV values for each set of measurements were small, indicating that variability from measuring tissue depths across different subjects was minimal ( Table 5 ).
The extent of septal deviation from midline is demonstrated in Table 6 . The area of maximum septal deviation in the CLP group was located in the posterior aspect of the cartilaginous septum, found FIGURE 4. Linear distance measurements collected. A, Maximum septal deviation (green line) was measured from the midline (red line). B, Septal deviation (green line) from the midline (red line) was measured after setting the sagittal plane through the ANS in sagittal view. C, Septal deviation (green line) from the midline (red line) was measured after setting the sagittal plane through the midpoint between anterior and PNS in sagittal view. D, Septal deviation (green line) from the midline (red line) was measured after setting the sagittal plane through the PNS in sagittal view. E, Maximal stenosis of the posterior nasal airway was measured at the point of maximum septal deviation in the posterior nasal airway (pink line). Figure 4 can be viewed online in color at www.annalsplasticsurgery.com. in the middle segment of the nasal airway, where the average maximum distance of septal deviation was 7.3 mm (range, 5.1Y11.8 mm). Separate analysis of the degree of septal deviation at the ANS, the anterior-posterior midpoint of the hard palate, and at the PNS demonstrated an average septal deviation of 5.0, 5.7, and 5.4 mm, respectively (Table 6 , Fig. 6 ). As the anterior-posterior midpoint of the hard palate and PNS denote the anterior and posterior borders of the posterior (bony) nasal septum, we calculate that there is between 78% and 73% of maximum septal deviation present in the bony nasal septum. Within the posterior segment of the nasal airway, the most stenotic portion of the airway typically occurred between the nasal septum and the posterior aspect middle turbinate, within 1.5 cm of the PNS, as seen in Figure 7 . The average airway width measured at the point of maximal deviation within the posterior (bony) septum was 0.45 mm (range, 0Y2.2 mm).
The control group did not demonstrate significant septal deviation and the nasal airspaces were virtually equal.
DISCUSSION
Our study demonstrates that there is a significant degree of septal deviation and airway stenosis at the bony septum of patients with unilateral CLP. The nasal septum posterior to the midpoint between the ANS and PNS is comprised almost entirely of bone. This same area of bony septum produces a degree of deviation approximating 75% of the maximal degree of septal deviation within the nasal airway. The average width of maximal stenosis of the posterior nasal airway is approximately 0.45 mm. This area of maximal stenosis in the posterior airway is within 1.5 cm from the PNS, an area that would not be alleviated with a standard cartilaginous septoplasty. A septoplasty can involve the treatment of both cartilage and bone 20 ; however, cartilaginous septoplasty is the more common septoplasty performed for cosmetic and reconstructive purposes. Bony septoplasty is more technically challenging as it is associated with increased morbidity, a likely reason for its limited use. When addressing the bony components of the septum, the same subperichondrial plane used to expose the cartilaginous septum is extended over the vomer and perpendicular plate of the ethmoid. As the cartilaginous septum is frequently dislocated from the vomer, the risks to mucosal tears are significant. After submucous resection of the cartilaginous septum, the nasal speculum can be used to inspect the bony septum under direct vision. Frequently, a significantly deviated bony septum can be seen obstructing the cleft-sided nasal airway despite thorough resection of the cartilaginous septum. In these cases, a 4-mm straight osteotome is used to fracture the vomer and inferior aspect of the perpendicular plate. A Takahashi forceps is used to remove the fractured vomer and to manually remove the deviated perpendicular plate of the ethmoid as far posterior as the sphenoid. Care is taken to proceed with the dissection directly posteriorly as superiorly directed dissection may risk damage to the cribriform plate, creating a cerebrospinal f luid leak. After the resection, the mucosa is approximated with quilting sutures and nasal stents applied as needed. Due to the increased complexity associated with bony septoplasty, patients should be counseled on the increased risk of hematoma and possible damage to olfactory nerves. Other reported complications associated with bony septoplasty include cerebrospinal f luid leak from damage to the cribriform plate, septal abscess, cavernous sinus thrombosis, meningitis, pneumocephalus, and rhinorrhea, 21, 22 underscoring the importance of understanding the deep nasal anatomy before performing this procedure.
This report is an anatomic study, not a functional study. We did not study the functional aspects of airf low in this work, but this would be a topic for further investigation. By performing a bony septoplasty and relieving obstruction to the posterior nasal airway, we would surmise that nasal airf low is more laminar and less restrictive in this area. We feel strongly that the bony septum should be inspected at the time of cartilaginous septoplasty and addressed as needed depending on the degree of airway obstruction remaining. In addition, we cannot quantify the added morbidity that may ensue with a bony septoplasty. Cone beam CT analysis was performed before the time of full facial maturity. This study did not analyze the effects of facial growth on nasal volumes and this certainly speaks to future investigation as well. Animal models have suggested that bony septal resection before skeletal maturity significantly decreases facial growth. 23 However, Ortiz-Monasterio and Olmedo 24 demonstrated no detrimental effects in their longterm follow-up. Our current treatment plan for cartilaginous and bony septoplasty is to defer intervention until the time of full facial maturity. Although each patient's situation is unique with respect to treatment decisions, our data support the consideration of a bony septoplasty in the treatment of patients with CLP. We would also note that all patients in our study had a cleft palate. Prior studies suggest that cleft lip patients without cleft palate have more mild degrees of nasal asymmetry. 25 Anatomical studies of the nasal airway in cleft patients can be helpful for surgical planning. 14, 26 We know from previous reports FIGURE 6. Graphical representation of septal deviation from midline at the ANS, midpoint of the ANS and PNS, and the PNS. The area denoted in red would not be addressed by traditional septoplasty. Figure 6 can be viewed online in color at www.annalsplasticsurgery.com.
that the bony septum typically deviates to the cleft side in CLP patients. 27, 28 Our findings support these data, however, prior reports have not quantified the severity of bony septal deviation or the extent of associated airway stenosis as we have in this work. Functional studies assessing patients with a cleft demonstrate stenosis in the cleft nostril. 27 Cohen and colleagues 29 found rhinometry useful in the evaluation of left and right nasal patency, providing a functional analysis before surgery, but did not comment on the specific affected areas of the nasal airway.
A natural concern about CBCT in children is related to radiation exposure. Cone beam CT scanning is a useful adjunct in the care for complex craniofacial conditions and dental relationships. 30 Studies show that the advantages of CBCT are seen in radiation dose reduction, reduced image artifact, improved image accuracy, and xray beam limitation when compared to conventional imaging. 31 Bite-wing dental radiographs, panoramic radiographs, CBCT, and 64-slice CT scans have an effective dose (in microsieverts) of 0.004, 86, 131.1, and 860, respectively. 32Y34 Our analysis included only patients who underwent CBCT for orthodontic planning, and no CBCTs were performed solely for the purpose of studying nasal airway.
CONCLUSIONS
The nasal septum posterior to the midpoint between anterior and PNS is comprised almost entirely of bone. This area of bony septum produces a significant amount of septal deviation and airway stenosis in patients with unilateral CLP deformity. This patient population should be considered for bony septoplasty, at the time of skeletal maturity, if septal surgery is indicated as part of a definitive rhinoplasty.
